COMMUNICATION SYSTEM 



BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

5 This invention relates to a communication system 

and, more particularly, to a communication system for 
controlling optical communication. 

(2) Description of the Related Art 

Optical communication network technologies are 

10 nuclei for building a data communication network 
infrastructure. It is hoped that more advanced services 
will be provided in a wider area. Such technologies 
therefore are being developed at a rapid pace toward an 
information-oriented society. 

15 In recent years the wavelength division multiplex 

(WDM) technique is widely used in optical communication. 
WDM is a system in which light with different wavelengths 
is multiplexed and in which a plurality of signals are 
transmitted simultaneously through one optical fiber. 

20 In a WDM system, not only a main signal but also an 

optical supervisory signal at a frequency between about 1 
and 150 MHz called an optical supervisory channel (OSC) is 
used. This OSC signal and a main signal are wavelength- 
multiplexed and transmitted. This OSC signal will be used 

25 to control setting and state supervision for lines, linear 
repeaters, and the like. 

For example, this OSC signal not only controls 
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setting and state supervision for an optical amplifier in 
a repeater but also detects a failure on a transmission 
line. In a WDM system, therefore, usually only a main 
signal is amplified by an optical amplifier (erbium-doped 
5 optical fiber amplifier ( EDFA ) ) and is transmitted. An OSC 
signal transmitted does not pass through an optical 
amplifier. 

An OSC signal is used as a control signal, so its 
sending level is relatively low to prevent it from 

10 interfering with a main signal. Furthermore, the 

transmission rate of an OSC signal is relatively low, so 
it does not produce much noise. This enables to set its 
receiving level to a small value near the noise limit of a 
receiver. In practice it is necessary to use a 

15 photocoupler to multiplex an OSC signal and a main signal 
or to separate them. The insertion loss of this 
photocoupler therefore must be taken into consideration. 
As a result, the transmission distance will be about 120 
km. 

20 Meanwhile, with recent optical communication 

systems, attention has been focused on an optical fiber 
amplifier (Raman amplifier) which uses a non- linear 
optical phenomenon in an optical fiber called Raman 
amplification. This amplifier uses the physical phenomenon 

25 of light with a wavelength different from that of incident 
light being scattered by vibration in a substance. With an 
optical fiber amplifier, optical amplification can be 
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performed by sending strong pumping light into an entire 
transmission line (for example, in order to amplify an 
optical signal with a wavelength of 1.55 Hm, pumping light 
with a wavelength of 1.45 Him should be sent). 
5 By using such a Raman amplifier in a WDM system and 

performing optical amplification on both of main and OSC 
signals, an optical fiber with a length longer than before 
can be laid. This will enable to widen repeater spacing 
(the conventional transmission distance of about 120 km 

10 can be increased to 200 km or more). 

Repeater spacing is wider than before. Therefore, 
when such a Raman amplifier in a WDM system is not 
operating, an OSC signal will attenuate in a transmission 
line and fall below the minimum receiving level. 

15 An OSC signal is a control signal for setting etc. 

Therefore, only an OSC signal must first be sent to each 
node at the time of starting a system. However, a Raman 
amplifier is not operating at the time of starting a 
system, so an OSC signal cannot be transmitted. 

20 Conventionally, the driving of Raman amplifiers at 

nodes is controlled individually, and the starting of the 
entire system is controlled after all the Raman amplifiers 
are driven. This will cause inefficiency in operation and 
maintenance . 

25 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a 
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communication system that improves operation and 
maintenance and controls communication efficiently. 

In order to achieve the above object, a 
communication system for controlling optical communication 
5 is provided. This communication system comprises a sending 
unit including supervisory signal sending control means 
for controlling the sending of a supervisory signal for 
having supervisory control of optical communication and a 
drive supervisory signal for controlling the driving of an 

10 optical fiber amplifier for performing optical 
amplification by using a non-linear optical phenomenon in 
an optical fiber and sending stop means for receiving a 
stop signal and for stopping the sending of the drive 
supervisory signal and a receiving unit including the 

15 optical fiber amplifier, drive control means for receiving 
the drive supervisory signal and for controlling the 
driving of the optical fiber amplifier, and stop signal 
sending means for sending the stop signal to the sending 
unit after the optical fiber amplifier being driven. 

20 The above and other objects, features and 

advantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate preferred 
embodiments of the present invention by way of example. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a view for describing the principles 
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underlying a communication system according to the present 
invention. 

Fig. 2 is a view showing the configuration of the 
communication system. 
5 Fig. 3 is a view showing a level diagram. 

Fig. 4 is a view showing an overview of a first 
modification . 

Fig. 5 is a view showing an overview of a second 
modification . 

1° Fig. 6 is a view showing an overview of a second 

embodiment of the present invention. 

Fig . 7 is a view showing an overview of a first 
modification. 

Fig. 8 is a view showing an overview of a second 
15 modification. 

Fig. 9 is a view showing an overview of a third 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 Embodiments of the present invention will now be 

described with reference to the drawings. Fig. 1 is a view 
for describing the principles underlying a communication 
system according to the present invention. A communication 
system 1 comprises a sending unit 10a and a receiving unit 
25 10b which are connected by an optical fiber 3 and controls 
optical communication performed by the WDM technique. In 
fact the functions of the sending unit 10a and the 
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receiving unit 10b according to the present invention will 
be included in one unit. 

In the sending unit 10a, supervisory signal sending 
control means 11 controls the sending of a supervisory 
5 signal and drive supervisory signal. A supervisory signal 
corresponds to an OSC signal for having supervisory 
control of optical communication. A drive supervisory 
signal is a new supervisory signal used in the present 
invention. This signal will be used at the time of 

10 starting a transmission system (that is to say, this 
signal will be used to drive an optical fiber amplifier 
13). Sending stop means 12 receives a stop signal sent 
from the receiving unit 10b and stops the sending of a 
drive supervisory signal. 

15 In the receiving unit 10b, the optical fiber 

amplifier 13 is a Raman amplifier for performing Raman 
amplification over the whole length of the optical fiber 3. 
Drive control means 14 receives a drive supervisory signal 
sent from the sending unit 10a and controls the driving of 

20 the optical fiber amplifier 13. Stop signal sending means 
15 sends a stop signal to the sending unit 10a after the 
optical fiber amplifier 13 is driven. 

Now, the configuration and operation of the 
communication system 1 (a first embodiment of the present 

25 invention) will be described. Fig. 2 is a view showing the 
configuration of the communication system 1. Hereinafter, 
a Raman amplifier, being an optical fiber amplifier, is 



referred to as a distributed Raman amplifier (DRA). 

The sending unit 10a and the receiving unit 10b are 
connected by optical fibers 3a and 3b. An erbium-doped 
optical fiber amplifier (EDFA) 16-1, optical couplers CI 
through C3, and an EDFA 16-2 are connected to the optical 
fiber 3a. An EDFA 16-3, optical couplers C4 through C6, 
and an EDFA 16-4 are connected to the optical fiber 3b. 
The supervisory signal sending control means 11 comprises 
a supervisory signal sending section 11-1 and a drive 
supervisory signal sending section 11-2. 

At the time of starting the system, the supervisory 
signal sending section 11-1 outputs an ordinary OSC 
supervisory signal (0SC1) and the drive supervisory signal 
sending section 11-2 outputs a drive supervisory signal 
(OSC2). The bit rate of the OSC2 is set to a small value 
so that even when a DRA 13a is not operating, its level 
will not fall below the minimum receiving level on the 
receiving side (for drive control means 14). The optical 
coupler CI multiplexes the OSC1 and OSC2 and transmits 
them onto the optical fiber 3a. 

In this case, the DRA 13a is not operating, so the 
OSC1 cannot reach the receiving unit 10b due to 
attenuation on a transmission line. On the other hand, the 
OSC2 is received by the drive control means 14 via the 
optical couplers C2 and C3. 

The drive control means 14 drives the DRA 13a when 
it receives the OSC2. When the DRA 13a is driven, the OSC1 



can be received by the receiving unit 10b and is received 
by the stop signal sending means 15 via the optical 
couplers C2 and C3. 

When the stop signal sending means 15 receives the 
5 0SC1, it outputs a stop signal (0SC3) to the sending unit 
10a in order to stop the sending of the 0SC2 . The bit rate 
of the 0SC3 is set to a small value so that even when a 
DRA 13b is not operating, its level will not fall below 
the minimum receiving level on the receiving side (for 

10 sending stop means 12). The 0SC3 is transmitted onto the 
optical fiber 3b via the optical coupler C4. 

The 0SC3 is received by the sending stop means 12 
via the optical couplers C5 and C6 . When the sending stop 
means 12 receives the OSC3, it has the drive supervisory 

15 signal sending section 11-2 stop the outputting of the 
OSC2. The same control will be performed to drive the DRA 
13b. 

Now, a method for setting the bit rate of an OSC2 
will be described. In general there is a proportional 

20 relationship between a minimum receiving level and a bit 
rate. The bit rate of an OSC2 according to the present 
invention must be lowered so that it will be received even 
in a state in which a DRA produces no gain. 

It is assumed that the bit rates of an OSC1 and 

25 OSC2 are B 0S ci (=1.5 Mb/s) and B OSC 2 respectively and that 
the gain of a DRA for an OSC1 is G DRA@0 sci. Then their 
relationship will be given by the following expression: 



[Expression 1] 

Bosci/Bosc2=10~ ( G D ra@osci / 1 0 ) • • • (1) 

where 10~A=10 A . Bit rate B OS c2 is calculated from 
expression 1 and an 0SC2 (or 0SC3) will be transmitted at 
5 this rate. 

The contents of the present invention will now be 
described with a level diagram of transmitted signals. Fig. 
3 is a view showing a level diagram. The vertical axis 
indicates the intensity of light and the horizontal axis 
10 indicates time. A change in the level of a main signal is 
indicated by a thick solid line and a change in the level 
of an OSC1 is indicated by a thin solid line. 

When the DRA 13a is operating, a main signal is 
amplified by the EDFA 16-1 and then transmitted via the 
15 optical fiber 3a. In this case, the main signal will 
attenuate with time, but it will be amplified again by the 
DRA 13a and EDFA 16-2. An OSC1 is transmitted via the 
optical fiber 3a without being amplified by the EDFA 16-1. 
The OSC1 will attenuate with time, but it will be 
20 amplified again by the DRA 13a. 

It is assumed that the minimum receiving level of 
the OSC1 is Pminl. At the time of starting the system when 
the DRA 13a is not operating, the OSC1 will attenuate and 
fall below minimum receiving level Pminl. As a result, 
25 normal receiving is impossible. 

Accordingly, in the present invention, when the DRA 
13a is not operating, it is driven at the time of starting 
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the system by using an OSC2 transmitted at a bit rate 
which enables normal receiving on the receiving side. The 
minimum receiving level of an OSC2 is Pmin2 shown in Fig. 
3. 

5 Modifications of the first embodiment will now be 

described. In the above first embodiment, the supervisory 
signal sending control means 11 includes a source of an 
0SC1 (the supervisory signal sending section 11-1) and a 
source of an 0SC2 (the drive supervisory signal sending 

10 section 11-2), which are separate from each other, and 
sends an OSC1 and OSC2, which are transmitted at different 
rates, at the same time. In a first modification, 
switching will be performed between OSC1 sending and OSC2 
sending. Hereinafter descriptions of stop control with an 

15 OSC3 will be omitted. 

Fig. 4 is a view showing an overview of the first 
modification. An EDFA 16-1, optical couplers CI and C2 , 
and an EDFA 16-2 are connected to an optical fiber 3a. A 
DRA 13a is connected to the optical coupler C2 in a 

20 receiving unit 10b. A sending unit 10a includes a 
supervisory signal sending section 11-1 for sending an 
OSC1 and a drive supervisory signal sending section 11-2 
for sending an OSC2 . The other components shown in Fig. 2 
are omitted. 

25 [SI] At the time of starting the system, the 

sending unit 10a sends only an OSC2 with the drive 
supervisory signal sending section 11-2. 
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[S2] When the OSC2 reaches, the DRA 13a begins to 

operate . 

[S3] After the DRA 13a operates, the sending unit 
10a switches over from OSC2 sending to 0SC1 sending and 
5 sends an OSC1 with the supervisory signal sending section 
11-1. 

Fig. 5 is a view showing an overview of a second 
modification. In the second modification, one signal 
source which can control a transmission rate variably is 
10 used to perform switching between OSC1 sending and OSC2 
sending. An OSC1 and OSC2 are transmitted at different 
rates. A sending unit 10a includes supervisory signal 
sending control means 11a as the above signal source. 

[Sll] At the time of starting the system, the 
15 sending unit 10a sends only an OSC2 with the supervisory 
signal sending control means 11a. 

[S12] When the OSC2 reaches, a DRA 13a begins to 

operate. 

[S13] After the DRA 13a operates, the sending unit 
20 10a switches over from OSC2 sending to OSC1 sending and 
sends an OSC1 with the supervisory signal sending control 
means 11a. 

As described above, in the first embodiment, an 
OSC2 the bit rate of which is set to a small value to 
25 prevent its level from falling below the minimum receiving 
level on the receiving side is sent at the time of 
starting a system. After a DRA 13a operates, only an OSC1 
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is sent. This enables to start a transmission system 
efficiently, resulting in the improvement of the operation 
and maintenance of the system. 

A second embodiment of the present invention will 
5 now be described. In the second embodiment, an 0SC2 is 
sent with its wavelength set to a value being within the 
range of an empty band in a transmission band for a main 
optical signal. 

Fig. 6 is a view showing an overview of the second 
10 embodiment of the present invention. A supervisory signal 
sending section 11-3 outputs an OSC1 to an optical coupler 
CI. A drive supervisory signal sending section 11-4 
outputs an OSC2 the wavelength of which is set to a value 
being within the range of an empty band in a transmission 
15 band for a main optical signal to an input section of an 
EDFA 16-1. As for the rest, it is the same with Fig. 4. 

[S21] At the time of starting the system, a sending 
unit 10a sends an OSC1 and OSC2 with the supervisory 
signal sending section 11-3 and drive supervisory signal 
20 sending section 11-4. 

[S22] When the OSC2 amplified by the EDFA 16-1 
reaches, a DRA 13a begins to operate. 

[S23] After the DRA 13a operates, the sending unit 
10a stops the sending of an OSC2 and sends only an OSC1 
25 with the supervisory signal sending section 11-3. 

Now, modifications of the second embodiment will be 
described. In a first modification, switching between 0SC1 
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sending and. OSC2 sending is performed. Its configuration 
is the same as that shown in Fig. 6. 

Fig. 7 is a view showing an overview of the first 
modification . 

5 [S31] At the time of starting the system, a sending 

unit 10a sends only an OSC2 with a drive supervisory 
signal sending section 11-4. 

[S32] When the OSC2 reaches, a DRA 13a begins to 

operate. 

10 [S33] After the DRA 13a operates, the sending unit 

10a switches over from OSC2 sending to OSC1 sending and 
sends only an OSC1 with a supervisory signal sending 
section 11-3. 

Fig. 8 is a view showing an overview of a second 
15 modification. In the second modification, one signal 
source which can control wavelengths variably is used to 
perform switching between OSC1 sending and OSC2 sending. 
The wavelengths of an OSC1 and OSC2 are different from 
each other. A sending unit 10a includes supervisory signal 
20 sending control means lib as the above signal source and 
an optical switch SW. As for the rest, it is the same with 
Fig. 4. 

[S41] At the time of starting the system, the 
supervisory signal sending control means lib in the 
25 sending unit 10a outputs an OSC2 . The optical switch SW 
outputs the OSC2 to an input section of an EDFA 16-1. The 
OSC2 amplified by the EDFA 16-1 is transmitted onto an 
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optical fiber 3a. 

[S42] When the OSC2 reaches, a DRA 13a begins to 

operate. 

[S43] After the DRA 13a operates, the supervisory 
5 signal sending control means lib outputs an OSC1. The 
optical switch SW outputs the OSC1 to an optical coupler 
CI. The OSC1 is transmitted onto the optical fiber 3a via 
the optical coupler CI. 

As described above, in the second embodiment, an 
10 OSC2 the wavelength of which is set to a value being 
within the range of an empty band in a transmission band 
for a main optical signal is sent at the time of starting 
a system via an optical amplifier for amplifying a main 
optical signal. After a DRA 13a operates, only an OSC1 is 
15 sent. This enables to start a transmission system 
efficiently, resulting in the improvement of the operation 
and maintenance of the system. 

A third embodiment of the present invention will 
now be described. In the third embodiment, an OSC2 is 
20 amplified and sent. Fig. 9 is a view showing an overview 
of the third embodiment of the present invention. 

A sending unit 10a includes supervisory signal 
sending control means 11c for sending an OSC1 and OSC2, 
the wavelengths of which are different from each other, by 
25 switching, an optical switch SW1 , and optical amplifier Al . 
As for the rest, it is the same with Fig. 4. 

[S51] At the time of starting the system, the 
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supervisory signal sending control means 11c outputs an 
OSC2. The optical switch SW1 outputs the OSC2 to the 
optical amplifier Al . The optical amplifier Al amplifies 
the 0SC2. The amplified 0SC2 is transmitted onto an 
5 optical fiber 3a via an optical coupler CI . 

[S52] When the OSC2 reaches, a DRA 13a begins to 

operate . 

[S53] After the DRA 13a operates, the supervisory- 
signal sending control means 11c outputs an 0SC1. The 

10 optical switch SW1 outputs the OSC1 to the optical coupler 
CI. The OSC1 is transmitted onto the optical fiber 3a via 
the optical coupler CI. 

As described above, in the third embodiment, an 
amplified OSC2 is sent at the time of starting a system. 

15 After a DRA 13a operates, an ordinary OSC1 is sent. This 
enables to start a transmission system efficiently, 
resulting in the improvement of the operation and 
maintenance of the system. 

The three processes of lowering a bit rate, setting 

20 a wavelength to a value being within the range of an empty 
band in a transmission band for a main optical signal, and 
amplifying have been performed on an 0SC2 sent at the time 
of starting a system. In addition to these processes, 
however, an error -correcting code for forward error 

25 correction (FEC) may be added to an OSC2 sent. This will 
enable to improve S/N and therefore to start a 
transmission system more efficiently. 
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As has been described in the foregoing, a 
communication system according to the present invention 
controls the sending of a supervisory signal for having 
supervisory control of optical communication and a drive 
supervisory signal for controlling the driving of an 
optical fiber amplifier and stops the sending of the drive 
supervisory signal after driving the optical fiber 
amplifier. This enables to start a transmission system 
efficiently, resulting in the improvement of the operation 
and maintenance of the system. 

The foregoing is considered as illustrative only of 
the principles of the present invention. Further, since 
numerous modifications and changes will readily occur to 
those skilled in the art, it is not desired to limit the 
invention to the exact construction and applications shown 
and described, and accordingly, all suitable modifications 
and equivalents may be regarded as falling within the 
scope of the invention in the appended claims and their 
equivalents . 
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